This study describes the baseline haematology and serum chemistry values found in nonpregnant, pregnant (gestational days [GO] 2-211 and lactating (postnatal days 1-9) Sprague Dawley rats (n =3-10/dayl from the NCTR breeding colony of Crl:COBS CD(SD)BRstrain. Maternal body weights on GOO ranged from 250 to 300 g. Multiple analytes were measured in both whole blood and serum of dams. Amniotic fluid, fetal serum, and postnatal pup serum analyte values were also acquired. Maternal blood was collected from the heart under subterminal carbon dioxide (C02) anaesthesia. Most pregnant dam blood values were not appreciably different from values for non-pregnant dams until near term; near-term values for some analytes (red blood cells, haemoglobin, haematocrit, mean corpuscular haemoglobin concentration, alkaline phosphatase, albumin, total protein, glucose, total bilirubin, sodium, and chloridel decreased but returned to near-normal values soon after delivery. The most dramatic change was a three-fold elevation of serum triglyceride levels near term with a subsequent decrease at birth. Most serum chemistry analytes measured in progeny increased after birth except for alkaline phosphatase, calcium and potassium levels which decreased.
values are an easy addition to most protocols, perhaps routine clinical monitoring of one or more blood analytes could be used as biomarkers for changes in toxicant pharmacodynamics during gestation. Advantages include the relatively non-invasive technique, the ability to acquire serial samples, and the relatively low cost of obtaining this additional information. In addition, whole blood and serum are assessed routinely in the course of most rodent bioassays, including toxicity studies, and also molecular genetics experiments to define novel phenotypes in genetically-engineered animals.
As blood is a relatively easy biological tissue to collect and evaluate in toxicity Accepted 8 February 1999 studies, we searched the literature for normal or baseline haematology and clinical chemistry values in the pregnant laboratory rat. Surprisingly, we found only a few such measurements for the pregnant rat (Reich & Dunning 1942 , Boles et al. 1972 , Papworth & Clubb 1995a . Definitive descriptions of these parameters for the prenatal rat pup were completely lacking, but several articles were located for the neonatal rat (Bruner et al. 1938 , Reich & Dunning 1942 , Papworth & Clubb 1995b . The article by Papworth and Clubb (1995a) is the most complete, incorporating four data points prenatally and four data points postnatally for most clinical pathology parameters.
This study describes the blood haematology and serum chemistry measurements in healthy non-pregnant, pregnant, and lactating (early postnatall Sprague Dawley rats and their progeny.
Materials and methods

Animals and husbandry
All pregnant and non-pregnant rats were obtained from the NCTR breeding colony of outbred Sprague Dawley [Crl:COBS CDISD)BR] strain. Non-pregnant (NP) and plug-positive rats (where CDO = day of observation of vaginal plug) weighed between 250 to 300g and were 13-18 weeks old at the start of the study. At the end of gestation, the maternal rats had gained between 93 and 188 g. All animals were housed individually in polycarbonate cages [20 x 23 x 45 em) with hardwood-chip bedding (P. J. Murry Co., Monitville, New Jersey, USA). NIH-31 open formula rat chow (Purina Mills, Inc., Richmond, Indiana, Product #5022-3) and filterpurified tap water were available ad libitum. The animal room was climatically controlled and monitored by a Johnson Control (Model 85 System) computer (10-15 air changes per hour of HEPA filtered outside air, 21 ± PC and 60±5% relative humidity) and lighting was on a 12h light/dark cycle with lights on at 07:00 h.
Animal care procedures followed those in the National Research Council's Guide for the Care and Use of Laboratory Animals Laboratory Animals (1999) [NRC 19961.The National Centre for Toxicological Research is AAALAC accredited and all protocols must be approved by our Institutional Animal Care and Use Committee.
Phased studies
The experiment was conducted in three phases designed to minimize the number of animals necessary to describe each analyte's profile during gestational (CD) and postnatal (PNDl periods. The initial Phase I assigned six female rats to each time point spaced approximately 4 days apart: NP, CD4, CD8, CD12, CD16, CD20, PND1, PND5, and PND9. The clinical chemistry and haematology data for each non-pregnant and maternal animal were obtained and plotted for each parameter. Phase II (either four or six animals per group) was designed to provide further data to confirm data trends observed in Phase I. Phase m waS performed to add further data and to define trends (three to six animals per groupl. Of the 192 animals allocated to this experiment (NP, CDO-CD21, PND1-PND9; six animals per day), 106 were used to describe all parameters.
Dam blood collection procedures
All dams were anaesthetized with a sublethal dose of CO2, and whole blood samples (5-10 ml) were taken with a sterile 10 cc syringe and 20 gauge needle via cardiac puncture. Each blood sample was divided into three parts:~0.5 ml was mixed with the anticoagulant ethylenediamine tetra-acetic acid (EDTA) for haematology analysis; 0.5 ml was placed in a microtainer with serum separator [Becton Dickinson and Company, Rutherford, New Jersey, USAl for serum chemistry analysis, and the remainder was dispensed into a glass test tube. The haematology and clinical chemistry samples were stored at 4°C until analysis on the same day as collected. The excess blood sample was allowed to clot for approximately 30 min before spinning in a bench top centrifuge (Damon/lEC Division, Model lEC HN-S, Needham Heights, Massachusetts, USA) at approximately 3500 rpm (1850 x g) at room temperature for 10 min. This excess serum was transferred to another glass test tube, centrifuged for an additional 10 min, and then stored in micro centrifuge tubes at -60°C for possible future analysis.
Amniotic fluid collection procedures
After the blood was collected, dams were euthanized with CO2, and the uterus was extracted. For collection of amniotic fluid, the conceptuses (GD14 through GD21) were first removed from the uterus. As each conceptus was held over a tared weigh boat, the placental membranes were gently torn, and the amniotic fluid was collected and weighed. All amniotic fluid samples from a litter were pooled for analysis, poured into a glass test tube, and centrifuged twice las described above) to remove residual maternal and fetal blood cells.
Fetal blood collection procedures
After the amniotic fluid had been drained, GD20 and GD21 fetuses were separated from their placental membranes. Each fetus was decapitated, and the body was held vertically over a conical microcentrifuge tube to collect the freely flowing blood. All fetal blood samples from a single litter were pooled for analysis.
Postnatal pup blood collection procedures
The litters were culled to four males/four females on the delivery date (where GD22=PNDlj. Pups were bled as described for fetuses except that the pups were placed on ice to lower the core body temperature to partially anaesthetize the pup prior to decapitation (Blair 1972) . The pup blood was also pooled by litter for analysis. Fetal or pup blood samples were spun twice in a tabletop microcentrifuge (Beckman, Model B, Palo Alto, California, USA) at approximately 16500 rpm (18300 x g) at room temperature for one minute prior to analysis.
Assessment of sample quality
Sample quality was assessed visually at the time of collection and, if necessitated by prior storage, at the time of analysis. A few dam haematology samples clotted and were excluded from the analysis. Minimal 277 haemolysis was noted in a few dam serum samples, but without apparent effect on the clinical chemistry analytes. No abnormalities were noted in fetal or neonatal serum samples, or in amniotic fluid specimens.
Haematology
These analyses were performed only on maternal whole blood. Cell numbers (red blood cell (RBC), white blood cell (WBC), and platelets), haemoglobin (Hb), haematocrit, mean corpuscular volume IMCV), mean corpuscular haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC) were determined with a Cobas Minos Vet analyser (Roche Diagnostic Systems, Somerville, New Jersey, USA). Three dilutions of normal controls IRoche) were run prior to daily analyses to confirm proper linear calibration. All analyses were conducted on the day of blood collection.
Serum and amniotic fluid chemistry
These analyses were conducted on maternal, fetal, and postnatal pup sera and on fetal amniotic fluid. A Cobas Mira Plus analyser (Roche Diagnostic Systems, Somerville, New Jersey, USA) with Roche Diagnostic reagents and standards was used to measure the following analytes (abbreviations and method principles in parentheses): cholesterollcholesterol esterase), triglycerides (modified GPO/PAP), alanine aminotransferase, (ALT; modiRed IFCCj, alkaline phosphatase (AP; nitrophenylphosphate), creatinine (kinetic Jaffe), blood urea nitrogen (Urea-N; urease), albumin (bromcresol green), total protein (biuret), glucose (hexokinasel, total bilirubin (modified Evelyn-Malloy), calcium (Ca; arsenazo III), sodium (Na; ISEI, potassium (K; ISEI, and chloride (CI; ISE). Sigma reagents (Sigma Chemical Co., St Louis, Missouri, USA) were used for sorbitol dehydrogenase (SDH; kinetic procedure #50-UVI. The instrument was calibrated daily according to the manufacturer's recommendation using two dilutions of assayed commercially available multianalyte external controls. All tests were performed at 37°C, and all analyses were conducted on the day the blood was collected.
Statistics
Individual animal data are presented in the figures, while means and standard deviations (SO) are presented in the tables. Statistical comparisons were conducted utilizing the t-test (Snedecor & Cochran 1967) . A preliminary analysis based on pairwise comparisons of daily means (n =3 to 10 animals/day) at a significance level of p< 0.01 was conducted to subdivide the prenatal data points into groups representing animals with comparable physiological status. This screen differentiated between rats at four distinct stages: non-pregnant, prenatal (G02 to , perinatal (GOI8-20 to PNOI-21, and postnatal (PNOI-2 to PN09). Subsequent comparisons of samples (in all combinations) from these developmentally-matched animals (n = 10 to 54/group) were performed at a significance level of P < 0.05.
Results
Non-pregnant and maternal blood analytes
The means and SO for different analytes from these groupings are presented in Table 1 , where the SO reflects both animal-to-animal and day-to-day variation. Figure 1 Based on the preliminary analysis, the data have been subdivided into non-pregnant, prenatal (G02 to G017-19), perinatal (G018-20 to PNOl-21, and postnatal (PNOI-2 to PN09) periods for further analysis. The time window around birth (i.e. perinatal period) varied for each analyte depending on the natural breaks in the data as aided by the preliminary analysis. Therefore, the upper limit to the prenatal period (i.e. GOI7-GOI9) and the lowerlimit of the postnatal period (PNOI to PN02) were dependent on the exact assignment to the perinatal period for each analyte. When no natural break or discontinuity was obvious around birth, G020 to PNO 1 was assigned as the perinatal period. However, most of the Laboratory Animals (1999) 33 LaBorde et al.
parameters representing the maternal data exhibited some level of discontinuity near term. Values for most analytes measured in pregnant rats prior to the perinatal period (i.e. prenatal) were comparable to the non-pregnant value, and the postnatal levels generally returned toward the non-pregnant value.
In Table I , the means with the same superscript letter following the SO indicate that those means are not statistically different from each other at P < 0.05 while those means that have different superscripts are statistically different from each other. For example, for the WBC all four means are followed by the superscript letter 'a', indicating that there is no difference among any of these means. In contrast, the superscript designation for the four means for AP are all different (i.e. a, b, c, d), indicating that all four means are different from each other. As another example, the superscript letters designation for the RBC indicate that the nonpregnant mean (a) and the perinatal mean Ic) are different from each other and different from the other two groups (both designated as 'b'l, but the prenatal mean (bl and postnatal mean (b) are not different from each other.
Several mean values were significantly decreased around birth; e.g. RBC ( Fig IB) , Hb (1C), haematocrit (10), MCHC (1G), AP ( Fig  20) , albumin (2HI, total protein (21),glucose (2J), total bilirubin (2K), sodiun (2M) and chloride (20) . For each of these analytes, the mean value for the perinatal period is statistically different from the non-pregnant, prenatal, and postnatal mean values. Near birth, only the mean triglyceride level ( Fig 2B) was increased over the other three mean values; this three to four-fold elevation was the most significant change of any analyte. The cholesterol data (Fig 2A) appear to peak at G08, but no explanation for this feature has been found other than perhaps just randomness of the data.
Fetal and pup blood analytes
The fetal and pup serum clinical chemistry concentrations are presented in Fig 3. Means and SO calculated for fetal (G020-21) and postnatal (PNOI-9) groups are presented in Table 2 . Creatinine ( Fig 3E) , SOH (3G), Na ...................... (3M), and Cl(30) failed to show a statistical difference between the fetal and postnatal means. Serum concentrations for most parameters increased after birth. However, three param-eters were decreased postnatally: AP (3D), Ca (3L), and K (3N).
Amni9tic fluid analytes
The amniotic fluid clinical chemistry data for each animal are presented in Fig 4 with the mean and SD for these data in Table 3 : single means are presented for all of these data due to the lack of a logical break point.
No trends were discerned in the near-term levels of these analytes. Sodium, K and Cl levels are of the same magnitude as that of the maternal parameter with the other five analytes having about an order of magnitude lower concentration. The values for albumin and total protein are slightly below the reported sensitivity of the procedure by the manufacturer; however, the results are valid as a semi-quantitative indicator of the changes that are occurring during this phase of gestation.
Discussion
Haematology and serum chemistry data from pregnant rats, GD20-GD21 fetuses, and postnatal pups are fairly easy to gather during the course of developmental toxicology bioassays. The sparsity of pertinent data in the literature was a surprise and prompted our efforts to further define reference values for such studies and the inclusion of all data patterns in this presentation. Our data, derived from Sprague Dawley rats tested sequentially throughout gestation and early lactation, provide insight into the normal changes that occur in clinical pathology parameters of rats housed and maintained according to generally accepted standards (NRC 1996) . In this study the concentration of several chemical and cellular elements in rat blood fluctuated in an orderly fashion throughout pregnancy and during the postnatal period. The patterns are unique for most parameters in that the discontinuity around birth disallows the use of a single mean or range to represent the values throughout pregnancy.
Our data agree both quantitatively and in pattern with that of Papworth (l995a) for the maternal analytes of WBC, Hb, platelets, cholesterol, triglyceride, AP, Urea-N, albumin, total protein, glucose, total bilirubin, and Cl. However, for several of the analytes, our data values are slightly higher (e.g. RBC, MCHC, creatinine, Na, Kl or lower (e.g. MCV, Cal than Papworth and Clubb (l995al. Even though the strain of rat is similar in the two studies, differences in diet, time of year, or other environmental conditions could cause slight quantitative differences in some analytes. The postnatal pup data of Papworth and Clubb (l995b) are comparable when using their PND4 data where cholesterol, triglyceride, AP, creatinine, Urea-N, albumin, total protein, glucose, total bilirubin, Na, K, and Cl all fall within the same range as our data. Their values for glucose and Ca are slightly higher than our values. As with the maternal differences, the reasons for these variances could be due to slightly different diet or environmental conditions. There were no comparable data found for the amniotic fluid data. Perhaps the limited data presented here will aid others in collecting a more extensive body of data.
These changes in normal rat maternal and fetal blood analytes may provide a useful entry point for investigators contemplating clinical pathology endpoints in pharmacokinetics, pharmacodynamics, and developmental toxicity bioassays. The reference ranges and patterns thus established should be of significant value in the interpretation of laboratory tests in rat studies during specific 287 periods of reproductive stress. Much additional work will be required to ascertain whether such measurements, especially in conceptuses, could form a reproducible pattern whereby toxicant-induced damage to certain systems might be predicted from these rapid and inexpensive assays.
